Objective. To explore, for Latin America, by means of an ecological correlation analysis, the possible relationships between both the incidence and prevalence of
dence of type 1 diabetes than do nonEuropoid populations, although significant geographic differences are evident in incidence within each major ethnic group (4) . Although childhood type 1 diabetes appears to be uncommon in most Latin American countries, there is variability in the incidence of this disorder, ranging from 17.4 per 100 000 in the Commonwealth of Puerto Rico to 0.1 per 100 000 in Venezuela (5) There is increasing evidence that type 1 diabetes results from an interaction between a polygenic trait and various environmental risk factors (6, 7) . Useful clues about environmental risk factors have been provided by a previous ecological analysis, which reported that the wide variation in type 1 diabetes incidence rates within Europe could be partially explained by indicators of national prosperity such as infant mortality rate and gross domestic product (8) . The study also confirmed previously reported associations with milk consumption, coffee consumption, and geographical latitude (8) .
The main objective of this study was to explore for Latin American countries (and the Commonwealth of Puerto Rico), by means of an ecological correlation analysis, the possible relationships between both the incidence and prevalence of childhood type 1 diabetes and selected hypothesized risk factors, including race/ethnicity, geographical latitude, breast-feeding rates, per capita coffee consumption and milk supply, and wealth-related indicators such as infant mortality rate, life expectancy at birth, and national human development index (HDI).
METHODS

Incidence and prevalence of type 1 diabetes in Latin America
Already published standardized incidence rates of type 1 diabetes in children ≤ 14 years of age were obtained from the most recent report by the World Health Organization (WHO) DiaMond Project Group (4) . The DiaMond Project oversees the maintenance of registries of children with type 1 diabetes around the world and has monitored the worldwide type 1 diabetes incidence over the last 15 years (9) . Approximately 24 of these registries operate in the Region of the Americas.
Already published estimated prevalence rates of type 1 diabetes in children ≤ 14 years of age were obtained from a recently published comprehensive review on the incidence and prevalence of diabetes in the Americas (5).
Indicators
Publicly available resources were researched via the World Wide Web to obtain appropriate data on the selected indicators. Due to the fact that specific data on cities or regions were seldom available, we used countrylevel data for this study.
We used several data sources (10-12) to obtain for each country in our study the proportion (percentage) of its population that is Amerindian-only (not including persons of mixed ancestry).
Geographical latitude (as degrees north or degrees south) was obtained from the "World Clock -Time Zones" page on the Internet (13). When diabetes incidence data were reported for a specific city or region in a country, the specific geographical latitude of that city or region was obtained; otherwise, the geographical latitude of the country's capital was used.
Information on life expectancy at birth (both sexes combined, for years [1985] [1986] [1987] [1988] [1989] [1990] ) and on infant mortality (for years [1985] [1986] [1987] [1988] [1989] [1990] ) was obtained from the United Nations Population Division (14) . Data on the human development index, which is a combined measure of adult literacy, life expectancy, and gross domestic product per capita, were obtained from the United Nations Development Program (15) .
Per capita consumption of coffee (as kg per person per year) for 1996 was obtained from the World Resources Institute (16) , and the per capita supply (as kg per year) of milk and milk products (except butter) for 1990 was obtained from the Food and Agriculture Organization of the United Nations (17).
The exclusive breast-feeding rate (< 4 months of age) and the continued breast-feeding rate (12-15 months of age) for years ranging from 1993 to 2000 were obtained from the United Nations Children's Fund (UNICEF) (18) .
Statistical analysis
All of the variables in this study are continuous; therefore, correlation coefficients were utilized to describe the direction and strength of the association among the variables. Because the data are not normally distributed and the sample size is small, the Spearman nonparametric correlation coefficient was the chosen statistical procedure (19) . For analysis purposes, the measure of latitude was defined as nondirectional deviation, where only the number of degrees of deviation from the equator was considered (i.e., north and south have no meaning). Statistical analysis was performed using SAS software (20) . Table 1 presents previously published childhood type 1 diabetes standardized incidence rates as well as estimated prevalence rates in children aged 14 years of age and younger from Latin American countries (4, 5) . While the estimated prevalence of type 1 diabetes was available for almost all countries (19 of 20) , incidence data were available for only about half of them (11 of 20) . However, incidence and prevalence showed a strong positive correlation (r = 0.94; P < 0.001). As previously reported (4, 5) , the incidence rate showed a wide range, from 0.1 per 100 000 in Venezuela to 17.4 per 100 000 in Puerto Rico. Estimated prevalence ranged from 0.3 per 10 000 in Veracruz, Mexico, to 6.4 per 10 000 in Puerto Rico. Table 2 shows the selected indicators for each Latin American country in our study. Geographic latitude ranged from 4.38 degrees to 23.08 degrees in the Northern Hemisphere and from 0.14 degrees to 34.53 degrees in the Southern Hemisphere.
RESULTS
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The proportion of Amerindians in the general population ranged from zero in Cuba and the Dominican Republic to 55% in Bolivia.
The infant mortality rate per 1 000 births ranged from 12.9 in Cuba to 90.1 in Bolivia. Life expectancy at birth ranged from 57.3 years in Bolivia to 74.8 years in Costa Rica. The national HDI ranged from 0.548 in Bolivia to 0.931 in Chile.
The rate of exclusive breast-feeding for less than 4 months ranged widely among the countries in the study. It was lowest in Paraguay and Venezuela (7.1%) and highest in Peru and Bolivia (62.7% and 60.9%, respectively). The rate of continued breast-feeding for 12 to 15 months of age ranged from 21.0% in Costa Rica to 83.2% in Guatemala.
Per capita consumption of coffee ranged from 0.2 kg per year in Paraguay to 4.6 in Costa Rica. The per capita supply of milk and milk products (except butter) ranged from 25.11 kg per year in Bolivia to 167.05 in Argentina. Table 3 presents the results of the correlation analyses for type 1 diabetes incidence and type 1 diabetes prevalence separately. Regarding incidence, a strong negative correlation was found with the proportion of Amerindians in the total population (r = -0.75; P = 0.008). A positive correlation was found with the per capita milk supply per year (r = 0.70; P = 0.025). No significant correlations with incidence were found with any of the other indicators.
Similar to incidence, prevalence showed a strong negative correlation with the proportion of Amerindians in the total population (r = -0.78; P < 0.0001) as well as a positive correlation with per capita milk supply (r = 0.55; P = 0.018). Two other indicators showed significant positive correlation with prevalence of the disease: life expectancy at birth (r = 0.55; P = 0.016) and national HDI (r = 0.50; P = 0.034). Infant mortality rate showed a significant negative correlation (r = -0.49; P = 0.034). No correlation was found with the other indicators.
DISCUSSION
Previous studies on the incidence of childhood type 1 diabetes in Latin American countries have indicated the overall rate as being very low, low, or intermediate (4) . Nevertheless, the burden to individuals and society is high (21). In general, incidence is lower than that reported for Spain and Portugal (4), two southern European countries that significantly contributed to the population composition of most of today's Latin American countries. Only Puerto Rico shows what is considered to be a high incidence rate (4, 5) .
Overall, the results of this ecological analysis suggest an association between the ethnic/race composition of the population and the incidence as well as the prevalence of type 1 diabetes. Both incidence and prevalence were strongly negatively correlated with the proportion of Amerindians in the population. This strong negative correlation for both incidence and prevalence suggests that the reported lower incidence of type 1 diabetes in some Latin American countries could be partially explained by a low genetic susceptibility to diabetes in Amerindians, by low levels of exposure to unidentified risk factors, or by high levels of exposure to unidentified protecting factors in this population group. The results of previous studies indicate that both Amerindian ancestry and haplotypes of Native American origin confer protection against type 1 diabetes (22, 23). Furthermore, the incidence of type 1 diabetes in the metropolitan region of Santiago (the main urban nucleus of Chile) has been estimated to be 2.36 per 100 000, while amongst the aboriginal Mapuche population living in southern Chile the incidence rate is 0.42 cases per 100 000 (24, 25 ).
An alternative explanation for our findings is that because of possible lower standards of health care among Amerindians, many cases of type 1 diabetes may pass undetected and eventually die with either no diagnosis or a different diagnosis.
Other researchers in Latin America have suggested that the incidence of type 1 diabetes generally increases proportionally with the size of the Caucasoid population in a particular country. 3 We found a positive correlation between per capita milk supply and both type 1 diabetes incidence and prevalence. Similarly, an ecological study in Europe found a positive correlation between milk consumption and the incidence of type 1 diabetes (8) . In addition, a direct association between cow milk intake and the incidence of type 1 diabetes was reported in Sardinia, an Italian island that has the world's highest reported incidence of type 1 diabetes (26) . Furthermore, a small harmful effect of the early introduction of cow's milk in infants was suggested by a meta-analysis of retrospective studies (27) . Results from previous case-control studies in Latin America suggest that a shorter duration of exclusive breastfeeding and early exposure to cow's milk and solid foods are risk factors for type 1 diabetes (28, 29) . The abovementioned meta-analysis of retrospective studies (27) suggests a small protective effect of breast-feeding. However, prospective studies conducted more recently have not found such an association (30, 31) . Similar to these latter studies (30, 31) , our study did not find a correlation between breast-feeding (either for less than 4 months or continued breast-feeding for 12 to 15 months) and type 1 diabetes. It is important to notice that breast-feeding data used in our analyses were collected five to eight years after the time for which incidence and prevalence data were reported. During this period of five to eight years an extensive campaign to increase breastfeeding took place with varying success across Latin American countries, which may have influenced the lack of correlation found in our study.
Our study did not corroborate previous reports of association of type 1 diabetes with coffee consumption. The above-mentioned ecological study in Europe (8) reported that association. A Finnish study reported an increased risk for type 1 diabetes in children who consume coffee or tea regularly (32).
We did not find a correlation of either incidence or prevalence of type 1 diabetes with geographic latitude. The most recent report by the WHO DiaMond Project Group (4) includes incidence data from 100 registries in 50 countries, including the Latin American countries in this study. That research indicates that the earlierreported polar-equatorial gradient in the incidence of type 1 diabetes in the Northern Hemisphere does not seem to be as strong as previously assumed. Furthermore, such a gradient has not been reported in the Southern Hemisphere, where several of the Latin American countries in this study are located.
The above-mentioned ecological study in Europe (8) concluded that indicators of national prosperity, such as infant mortality rate and gross domestic product per capita, could explain a significant portion of the large variation in type 1 diabetes incidence rates across this continent. Our prevalence analysis supports their finding, but our incidence analysis does not. This discrepancy between incidence and prevalence could be related to the fact that data on incidence were not available for half the countries in our study. It could also be argued that incidence of type 1 diabetes is in general much lower and varies less strikingly in Latin America than in Europe. Also, factors linked to industrialization and changes in lifestyles are still at a lower level in Latin American countries than they are in European nations.
Although our study presents some very intriguing findings, it is also important to discuss its limitations. The limitations of ecologic data for making causal inferences have been reviewed in depth (33) . One disadvantage of this kind of analysis is that the joint distribution of exposure and health remains unknown (ecological fallacy), which leads to possible distortion of association between exposure and outcome. Other disadvantages include the inherent limitations to using existing databases and difficulties in controlling for confounders.
Most of the available incidence data for Latin America pertain to a city or a region within a country. However, we obtained indicators for the country level and did not account for differences between the country and the specific city or region. Also, for some countries some of the indicators were only available for years after the incidence data period.
Amerindian ethnicity was used as surrogate for personal ancestry, which in turn is considered to be a potentially misleading substitute for genetic ancestry. However, a recent study of the DNA of 52 human groups from around the world suggested that selfreported population ancestry likely provides a suitable proxy for genetic ancestry (34) .
Another fact to take into consideration is that although the initial Amerindian inhabitants were eliminated as a distinct culture in some Latin American countries, and thus their current proportion in the general population is almost absent, they made a significant genetic contribution to the current population of some of these countries (35) .
Finally, caution is required in terms of the reliability of some of the information provided by the publicly available resources that we used.
CONCLUSION
Our results suggest the presence of the Amerindian component of the population in Latin America provides protection against childhood-onset type 1 diabetes. In addition, our results confirm reports from other countries and regions of the world of the association between type 1 diabetes and milk consumption. Further studies are needed to develop and test potential genetic and environmental hypotheses that could help to better understand the interplay between genetic susceptibility and environment in type 1 diabetes across different ethnic groups. Clearly, continuing and expanding surveillance for childhood-onset type 1 diabetes across Latin America, including specific surveillance of the various race/ethnic groups, represents one of the most important strategies for improving our understanding of the multifactorial causes of the disease and ultimately preventing it.
Objetivo. Explorar para América Latina, mediante un análisis de correlación ecoló-gico, las posibles relaciones entre tanto la incidencia como la prevalencia de diabetes sacarina tipo 1 con inicio en la niñez y algunos factores etiológicos hipotéticos, entre ellos la raza o etnia, la latitud geográfica, las tasas de lactancia materna, el abastecimiento de leche, el consumo de café per cápita y algunos indicadores de situación económica, tales como la tasa de mortalidad de menores de un año, la esperanza de vida al nacer y el índice nacional de desarrollo humano. Métodos. Se usaron datos publicados recientemente acerca de la incidencia y prevalencia de diabetes tipo 1 en niños menores de 15 años en países latinoamericanos. Se escogieron los indicadores de riesgo en función de las hipótesis de carácter gené-tico y ambiental que se contemplan actualmente. Los datos acerca de los indicadores se obtuvieron de fuentes públicas. Se emplearon coeficientes de correlación de Pearson para medir la asociación entre tanto la incidencia como la prevalencia de diabetes tipo 1 y los indicadores elegidos. Resultados. Se detectó una fuerte correlación inversa entre la proporción de amerindios en la población de un país y la incidencia (r = -0,75; P = 0,008) y prevalencia estimada (r = 0,55; P = 0,018) de diabetes tipo 1 de aparición en la niñez. El abastecimiento de leche per cápita mostró una fuerte correlación directa con la incidencia (r = 0,70; P = 0,025) y la prevalencia (r = 0,55; P = 0,018) de diabetes. Los indicadores de situación económica mostraron correlación con la prevalencia pero no con la incidencia. Conclusiones. Según nuestros resultados, la presencia del componente amerindio en la población de América Latina protege contra la diabetes tipo 1 con incio en la niñez. Nuestros resultados también confirman la asociación notificada anteriormente en otros países y partes del mundo entre la diabetes tipo 1 y el consumo de leche. Se necesitan más estudios para formular y poner a prueba nuevas hipótesis de orden genético y ambiental que ayuden a entender mejor la interacción entre la susceptibilidad genética y factores ambientales en la aparición de diabetes tipo 1 en distintos grupos étnicos.
RESUMEN
Análisis ecológico de la incidencia y prevalencia en América Latina de diabetes tipo 1 con inicio en la niñez
